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Cuca T.M. YnockoHaleHHSI TE€XHOJOTIl mepepoOiaeHHs moOyTOBHX BiIXOMIB 13
PO3pOOJICHHSAM KOMITO3UITIHHUX cymilnei. — KBamiikariiina HaykoBa mparisi Ha mpaBax
PYKOIIHUCY.

Huceprairist Ha 3100y TTSI HAYKOBOTO CTyIeHs TOKTOpa (pistocodii 31 crieriaapHOCTI
183 «TexHomorii 3aXxUCTy HABKOJHUINHBLOTO cepefoBumiay (18 — BupoOHHIITBO Ta
texHonorii). — Hamionaneuuit yHiBepcurer «llonTtaBchbka momitexHika imeHi IOpis
Konapatioka». MinicTrepcTBO OCBITH 1 Hayku Ykpainu, [lonrasa, 2026.

HucepraiiiitHa pob6oTa IpuUCBSIYEHA BUPIIICHHIO aKTyalbHOTO MUTAHHS HAYKOBO-
MPUKJIATHOTO XapaKTepy B HAMPSAMI TEXHOJIOT] 3aXUCTy HaBKOJIUIIHHOTO CEPETOBHUINA —
YAOCKOHAJIEHHS TEXHOJIOT1i TepepoOsieHHs] MOOYTOBUX BIAXOIIB 13 PO3POOJICHHIM
KOMITO3UIIIHUX CyMIIlIe Ha OCHOB1 Toprouux (ppakiiii moOyToBHX BIAXOJIB 1 TOpdY
poaouil [lonraBmuHu A1t 3a0e3nedeHHs MoTped 00’ €KTIB MaJIOl TEIJIOCHEPTETUKHY.

VY pe3ynbTari NMpPOBEJCHHS KOMILIEKCY TEOPETUYHUX Ta EKCHEPUMEHTAIbHHUX
JOCTIIKEHb Y TUcepTallii 3aIIpONOHOBAHO MOJIOKEHHS Ta peKOMEH/IAII1, SIK1 T03BOJISIOTh
3aro0IirTy  3a0py/HEHHIO HAaBKOJIMIIHBOTO CEPEJOBHINA IUIIXOM YJOCKOHAJICHHS
TEXHOJIOT1i mepepoOeHHsT MOOYTOBUX BIIXOJIB, 10 BXOJUTh B CHUCTEMY YIIPaBIiHHSA
noOyTOBUMHU BiJIX0JlaMU. Pe3ynbTat poOOTH MPOMIIIIM JOCTATHIO alipo0aliio Ta MatoTh
YIPOBAKEHHS, IO MiATBEPAKEHO BIIMOBITHUMU aKTaMH.

Y Berymi  OOrpyHTOBaHO — aKTYallbHICTb TEMHM JHCEpPTalidHOI  PoOOTH,
chopMylIbOBaHO METy W 3aBAaHHS JOCHIIKCHb, BH3HAYCHO HAyKOBY HOBHM3HY Ta
MPaKTUYHY IIHHICTh OTPUMAHUX PE3yJIbTATIB, JaH1 PO OCOOMCTHI BHECOK 3700yBaya,
ampoOailito pe3yJbTaTiB AUCepTallli, CTPYKTYypy Ta 00csAr poOOTH.

Iepmmii po3ain NPUCBIYEHO KOMIUIEKCHOMY aHali3y TEOPETUYHUX 3acaj ILI0JI0
YOpaBIIHHSA BIIXOJaMH, HOPMATHBHO-TIPABOBOI 0a3W Ta ICHYIOYMX MIAXOMdIB JI0
MOBOJ/IP)KEHHS 3 TOOYTOBUMH BIAXOJAaMH Ha MIKHApOJHOMY il HalllOHAJbHOMY pIBHSIX.
[To-mepirie, poO3rASHYTO TEOPETHYHI OCHOBU yNpaBiiHHS MoOyTOBUMHU Binxonamu. [1o-
Ipyre, 3A1HCHEHO aHalli3 HOPMaTUBHO-TIPABOBOTO 3a0e3neueHHss €Bpomnu Ta YKpaiHu y

cdepi moBoHKeHHS 3 Bimxomamu. [lo-Tpere, po3KpUTO CydacH! MPAKTUKH yIPABITIHHS
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BIIXOZlaMH B CBITI Ta MOMJIMBI HUISXH peaiizaiii MDKHApOIHOTO JOCBiAy y cdepi
YOpaBIIHHSA BIIXOJaMU Ha TepuUTopii YKpaiHU 3 akKIEHTOM Ha eQeKTHBHI MOJenl
UPKYJSIPHOI ekoHOMIKH. [IpoananizoBaHo, 10 XIMIYHUH CKIaa TOpdy 3yMOBIIOE HOTO
aJcopOIiiiHy 3MaTHICTh 3a PaxyHOK BYTJICII0, KUCHIO Ta BOJHIO, $IKI YTBOPIOIOTH
CHOJMYKH: KapOOKCHIIbHI TpymnH, (EHONbHI TiAPOKCHIIbHI TpYyNH, TyMIHOBI Ta
(GyIBbBOKUCIIOTH.

VY apyromy po3isii HaBEJEHO JETaNbHHUIM OMUC METOJUK 1 METO/IIB, 32 JOIIOMOT OO
SKUX TPOBOAMIOCS AOCHiKeHHS. JlocmimkeHo Mop]oioriuyHuil ckiaj MoO0yTOBUX
BIJIXOJIIB 32 YOTHUPMa Ce30HaMu poKy Ha Teputopii cenuma KortensBa [lonraBchkoro
paiiony IlonraBcbkoi obsacti. OnUcaHO METOAUKY MPOBEICHHS (DAKTOPHOTO aHaJI3y
CTBOPCHHsSI KOMIIO3UIIIMHUX CyMIIlleil ¥ METOAWKHA BH3HAUYCHHS TEIUIOTEXHIYHUX
MOKa3HUKIB: BOJIOTOCTI, 30JIbHOCTI, HIKYOI TEIJIOTH 3TOPSIHHS 3 TOCWUJIAHHSMU Ha
CTaHJapTH Ta HOPMATHBHI TOKYMEHTH, 332 SKUMHU MTPOBOIUINCH BUMIPIOBAHHS.

Tpetiii po3auT IPUCBIYECHO MUTAHHIO €HEPrO(HEKTUBHOCTI PETIOHY SIK OJTHOMY 13
KJIFOUOBUX HAIPSIMIB CTAJIOTO PO3BHUTKY. Y PO3JAUI HaBEJACHO OTPMMAaHHS, aHali3 Ta
y3arajJlbHEHHS Ppe3yNbTaTiB EKCIEPUMEHTAIBbHUX JOCIIDKEHb, M0 BHU3HAYAIOTh
CHEPreTUYHY IIHHICTh 1 €KOJIOTIYHY O€3IMeYHICTh BUKOPUCTAHHS TOOYTOBUX BIJIXOJIIB 1
Topdy AK anbTepHaTUBHOro mnanuBa. (OCHOBHY yBary 30CEpEKEHO  Ha
CKCTICPUMEHTATLHOMY JOCIIDKCHH] TEIJIOTEXHIYHUX MOKA3HUKIB MMOOYTOBUX BIIXOIIB 1
Topdy: BOJOTOCTI, 30JIbHOCTI, HM)XYOi TEIUIOTH 3TOPSHHS. BHCBITIECHO €KOJIOTIYHI
XapaKTEPUCTUKHU MPOLECY CHAIIOBAHHS FOpPrOYrX Qpakiii noOyTOBUX BIAXOMAIB 1 TOPPYy,
a caMe KOHIIEHTpallii 3a0pyIHIOBAIbHUX PEUOBUH Y TUMOBHUX ra3ax. [IpoBegeHo aHami3
OTPUMAaHUX Pe3yJIbTaTIB, AKUH BKIIOYAaE MOOYAOBY IpaiuHUX 3aJI€KHOCTEN TEIIOTH
3rOpsIHHS MOOYTOBHX BIAXO/1B 1 TOP(Y Bif iX BOJIOTOCTI Ta 30JIbHOCTI. BcTaHOBIIEHO, 1110
31 30UIBIIEHHSAM BOJIOTOCTI ¥ 30JBHOCTI BIAXOMIB 1 TOpdy MPsSMO MPOMOPIIHHO
3HIDKYETBCS 1X TEIUTOTa 3rOPSTHHS.

YerBepTHii pO3/LT BKIOYAE HAYKOBE OOIPYHTYBAHHS CTBOPEHHS PalliOHAIBHUX
KOMITO3UINIMHUX CYMIIIe Ha OCHOBI roprounx (pakiiiii moOyToBUX BIAXOAIB 1 TOpdy 3
METOI0 YAOCKOHAJIEHHS TEXHOJIOT1T Iepepo0IeHHs MOOYTOBUX BIIXOAIB. 3 JaHOK METOIO

pO3pO0ICHO MaTeMaTWYHy MOJENb, [0 BHU3HAYWIA CITIBBIJHOIICHHS pPAaIllOHAIBHUX



3

napameTpiB TEXHOJIOTIYHOTO Mpolecy. PO3MIISIHYTO €KOJIOTTYHUI acCleKT BIPOBAKEHHS
PO3pO0JIECHUX KOMITO3ULIMHUX CyMIlllel, 30KpeMa, MOKIIUBICTh 1X BHUKOPHUCTAHHS B
tBepaonatuBHoMy KoTii TOB «IToropm» tumy Altep DUO PLUS. O6rpyaToBaHo BHOIp
TEXHOJIOT1i TepepoOIeHHs] MOOYTOBUX BIJIXOJIIB MIJIIXOM PO3POOIECHHS KOMIO3UIIIMHUX
cymimreir. ChopMOBaHO MPAKTHYHI PEKOMEH/AIIIT 010 BUKOPUCTAHHS KOMIO3UITIHHUX
CyMillleii B TBEpAOMAJIMBHUX KOTJAX, $KI BKJIIOYAIOTh palllOHAIbHI pElEenTypu
KOMITO3UIIIMHUX CyMiIIei, yMOBH iX €(EKTUBHOIO BUKOPUCTAHHS Ta MPOMO3UIIIi 11010
3HIKEHHs KoHneHTpanii Byremio (II) okcumy, azoty (II) okcuay, azoty (1V) okcuny,
cynbdyp (IV) oxcuny.

[IpobGyiiema ymnpaBiiHHS BiIXOJaMH, OCOOJIMBO B KOHTEKCTI 301IbIIIEHHS OOCSTIB
noOyTOBHUX BIIXOJIB B YKpaiHi, cTana Iie OUIbII aKTyalbHOIO Ha TJi BIHCHKOBUX IiH.
Boanouac, Tpy1HOIII BUHUKAIOTh Y MaJMX HACEJICHUX MyHKTaX, /1€ BIACYTHI YMOBU JIJIs
e(EeKTUBHOIO YMpaBIIHHA BIAXOJaMH, IO YacTO MPU3BOJUTH 1O YTBOPEHHS
HECaHKI[IOHOBAHMX CMITTE3BaIUIl. TOMy yJAOCKOHAJEHHSI TEXHOJOTIi mepepoOaeHHs
noOyTOBUX BIAXOAIB IUIAXOM PO3POOJICHHS KOMIO3MIIIWHUX CyMilled Ha OCHOBI
MOOYTOBUX BIAXOIB 1 TOPPY POOUTH aKIIEHT HA BUPIMICHHS MPOOJIEMHU €HEPTreTUYHOTrO
XapakTepy, 3 MIHIMAJIbHUM BIUIMBOM Ha HAaBKOJIUIIHE TPUPOJHE CEPEIOBUIIE Ta
3MEHIIEHHS 00CITIB HAKOMUYEHHS BIIXO/1B.

Huceprailisi € 3aBepIIEHUM HAYKOBUM JOCIHIKEHHSM, K€ MICTUTh T€OPETUYHI
MOJIOKCHHS, HAyKOBO-METOJMYHI IMJIXOAM Ta TMPAKTUYHI PEKOMEHJAIi o0
YAOCKOHAJIEHHS TEXHOJIOTIi MepepoOsieHHs] MOOYTOBUX BIAXOAIB 13 PO3POOJICHHIM
KOMITO3UIIITHUX CyMIIIIEH.

HaykoBi moJjiokeHHsI, BUCHOBKM 1 pEKOMEHAallii, [0 BUHOCATHCS Ha 3aXMHCT,
OTpUMaHI aBTOPOM CaMOCTiHO. BHecok aBTOpa B HayKOBI Mpali, OMyOJIIKOBaHI B
CIIBaBTOPCTBI, KOHKPETHU30BAHO B CIUCKY MyOJTIKAIIH.

KuirouoBi ciioBa: no0yToBi BigXoau, Top®, yrpaBiaiHHS BiIX0AAMH, KOMIO3UIIHHI
cyminr, [lonTaBcbkuii perioH, 30ja, BOJIOTICTh, TEIUIOTBIpHA 37aTHICTh, PECYpPCHUMN
MOTEHI[Ia, CTaJIuil PO3BUTOK, e€KojoriyHa Oe3meka, 00’eKkTh 1HOPACTPYKTYpH,

eHeproe(eKTUBHICTh, IIUPKYJIIPHA EKOHOMIKA.



Abstract

Sysa T.M. Improving household waste processing technology through the
development of composite mixtures. — Qualification scientific work in the form of a
manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 183
«Environmental Protection Technologies» (18 — Production and Technologies) —
National University «Yuri Kondratyuk Poltava Polytechnic». Ministry of Education and
Science of Ukraine, Poltava, 2026.

This dissertation addresses a pressing scientific and applied issue in the field of
environmental protection technology: improving household waste processing technology
through the development of composite mixtures based on combustible fractions of
household waste and peat from Poltava region deposits to meet the needs of small-scale
thermal power facilities.

As a result of a comprehensive set of theoretical and experimental studies, the
dissertation proposes provisions and recommendations that allow for the prevention of
environmental pollution by improving household waste processing technology, which is
part of the household waste management system. The results of the work have undergone
sufficient testing and have been implemented, as confirmed by relevant documents.

The introduction justifies the relevance of the dissertation topic, formulates the
research objectives and tasks, identifies the scientific novelty and practical value of the
findings, details the candidate’s personal contribution, describes the testing of the
dissertation’s findings, and outlines the structure and scope of the work.

The first chapter is devoted to a comprehensive analysis of the theoretical
foundations of waste management, the regulatory framework, and existing approaches to
municipal solid waste management at the international and national levels. First, the
theoretical foundations of municipal solid waste management are examined. Second, an
analysis is conducted of the regulatory and legal frameworks in Europe and Ukraine
regarding waste management. Third, current global waste management practices are

examined, along with possible ways to implement international experience in waste
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management in Ukraine, with an emphasis on effective circular economy models. It was
found that the chemical composition of peat determines its adsorption capacity due to
carbon, oxygen, and hydrogen, which form compounds such as carboxyl groups, phenolic
hydroxyl groups, humic acids, and fulvic acids.

The second chapter provides a detailed description of the techniques and methods
used in the study. The morphological composition of household waste was examined
across the four seasons of the year in the village of Kotelva, Poltava District, Poltava
Oblast. The paper describes the methodology for conducting factor analysis to create
composite mixtures and the methods for determining thermal properties — moisture
content, ash content, and lower heating value — with references to the standards and
regulatory documents used to perform the measurements.

The third chapter is devoted to the issue of energy efficiency in the region as one
of the key areas of sustainable development. The chapter presents the collection, analysis,
and synthesis of results from experimental studies that determine the energy value and
environmental safety of using household waste and peat as alternative fuels. The main
focus is on an experimental study of the thermal properties of municipal solid waste and
peat: moisture content, ash content, and lower heating value. The environmental
characteristics of the combustion process of combustible fractions of municipal solid
waste and peat are highlighted, specifically the concentrations of pollutants in flue gases.
An analysis of the obtained results was conducted, which includes plotting graphical
relationships between the heat of combustion of municipal solid waste and peat and their
moisture content and ash content. It was found that as the moisture content and ash
content of waste and peat increase, their heat of combustion decreases in direct
proportion.

Chapter 4 presents the scientific rationale for developing optimal composite
mixtures based on combustible fractions of municipal solid waste and peat, with the aim
of improving municipal solid waste processing technology. To this end, a mathematical
model was developed to determine the optimal parameters of the technological process.
The environmental aspects of implementing the developed composite mixtures are

examined, specifically the possibility of using them in the Altep DUO PLUS-type solid-
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fuel boiler manufactured by Ponory LLC. The choice of household waste processing
technology through the development of composite mixtures is justified. Practical
recommendations have been formulated regarding the use of composite mixtures in solid-
fuel boilers, which include optimal formulations for the composite mixtures, conditions
for their effective use, and proposals for reducing the concentrations of carbon (II) oxide,
nitrogen (I1) oxide, nitrogen (V) oxide, and sulfur (IV) oxide.

The issue of waste management, particularly in light of the increasing volume of
municipal solid waste in Ukraine, has become even more pressing amid the ongoing
military conflict. At the same time, challenges arise in small communities, where the
infrastructure for effective waste management is lacking, often leading to the formation
of unauthorized landfills. Therefore, improving household waste recycling technology by
developing composite mixtures based on household waste and peat focuses on addressing
energy-related issues while minimizing the impact on the natural environment and
reducing the volume of accumulated waste.

This dissertation is a comprehensive scientific study that presents theoretical
principles, scientific and methodological approaches, and practical recommendations for
improving household waste processing technology through the development of composite
mixtures.

The scientific propositions, conclusions, and recommendations presented in this
dissertation were independently derived by the author. The author’s contribution to co-
authored scientific works is specified in the list of publications.

Key words: municipal solid waste, peat, waste management, composite mixtures,
Poltava region, ash, moisture content, calorific value, resource potential, sustainable
development, environmental safety, infrastructure facilities, energy efficiency, circular

economy.



